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University of Oulu 
Department of Communications Engineering 
  
WIRELESS COMMUNICATIONS I 
Final exam 23.1.2015 (Full course material) 
No material is allowed. 
 
1. Explain briefly but in detail, what is meant with 

a) Modulator d) Coherence bandwidth 
b) DPSK e) Channel equalizer 
c) Slowly fading channel f) Multipath spread 

 
2. a) You are using 4-level PSK in your system. How many bits you send in symbol? How 

many base functions are needed in this case to present the signal in signal space, and 
what are the properties of base functions? 

 b) Principle of diversity and possible diversity methods 
 
3. a) Principle of direct sequence spread spectrum system  
 b) OFDM synchronization using cyclic extension? 
 
4. Explain what is meant with i) unbiased estimate and ii) efficient estimate. Calculate 

Cramer-Rao lower bound for unbiased ML estimator of carrier phase when the received 
signal is 
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where A and fc (>> 1) are known constants and n(t) is zero mean Gaussian distributed 
white noise with one-sided spectral density of N0. It is also known that 
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5. You are travelling from Rovaniemi to Helsinki without any hurry in four days. In the map 

below, you can find the possible routes. You will stay overnight as follows:  
  1. night: Oulu or Kuusamo 
  2. night: Vaasa or Joensuu 
  3. night: Turku or Tampere.  
 Select the shortest route using Viterbi algorithm (4 p.). Draw enough intermediate steps 

so that the Viterbi algorithm idea can be easily seen. What is the length of the route (1 p.) 
and which places you will visit (1 p.)? 
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Hki = Helsinki 
Hlä = Hämeenlinna 
Jsu = Joensuu 
Kjä = Kemijärvi 
Kmo = Kuusamo 
Lti = Lahti 
Roi = Rovaniemi 
Rna = Ranua 
Tku = Turku 
Tre = Tampere 
Vsa = Vaasa 
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